This experiment was carried out in order to evaluate the effect of Sitophilus zeamais on physical, physiological and sanitary quality of stored corn. Samples of 500 g of the hybrid OC-705, in three replicates, were conditioned in glasses covered with a screened lid, and kept in chamber at 25±2ºC, 70±5% RH and 12 h of photophase, for 150 days. The infestation levels were 0, 5, 15 and 50 adults/replicate, for the storage periods of 30, 60, 90, 120 and 150 days. The moisture content, classification, weight loss, germination and internal infestation were evaluated monthly. Significant inverse correlations were verified between the number of insects and both the germination and the weight loss; also between the internal infestation and the germination and the standard type. The presence of S. zeamais showed a positive correlation with the weight loss, what means that the internal and external infestations contribute to the reduction of physiological and physical quality of corn seeds. The mean dry matter loss was 0,36%/day, corresponding to a consumption of 0,0001%/insect/month. As the result of those damages, the product suffered reduction of the commercial grade in 30 days, with significant loss in all quality factors.
INTRODUCTION
Corn production in Brazil represents 38% of the total cereal grains and oilseeds produced in the country, with 33% growth in the last five years positioning the country on the second place in the world ranking (CONAB 2002) . The increment began with the selection of better hybrid seeds, appropriate fertilization, weed control, good harvesting practices, transportation, drying and storage.
Grain quality is related to its appearance, uniformity, sanitary condition, nutritional status and industrial characteristics. Damages caused by insects, molds and mishandling result into losses of quality and quantity during storage. Such losses are frequently not precisely estimated because of the difficulties involved in such endeavor. The grading system is based on discreet measurements of quality, with little attention giving to the quantity losses (KENKEL et al. 1997) .
The insect damages on stored products consist mainly on the reduction of dry matter, food contamination with live or dead insects, dejection and fragments, and depreciation of the nutritional and commercial values of the end products. The food industry adopts rigid standards concerning the presence of live insects and their fragments in all kinds of foods. FARONI (1992) comments that one larva of the rice weevil Sitophilus oryzae Linnaeus, 1763 (Coleoptera, Curculionidae), during its growth, metabolizes about 14 mg of a single wheat kernel into carbon dioxide, water, heat and excrements, and the insect consumes about two thirds of the endosperm.
The elevation of moisture content and temperature of the grain mass is generally a result of the metabolic activity of insects (PUZZI 1986) and molds that are usually associated to insects and mites (LAZZARI 1997) .
Correlation between the infestation level of Sitophilus zeamais
The management of quality should consider temperature variations, insect population fluctuation and type of damages in order to establish an appropriate control (SUBRAMANYAN & HAGSTRUM 2000) .
This research had the objective of measuring the impact of different infestation levels of the maize weevil, S. zeamais, on the overall quality of stored corn, considering moisture content, internal and external insect infestation, weight loss, and grain grading factors.
MATERIAL AND METHODS
Glass vials with 500 g of hybrid corn seeds (OC-705intermediate hardness kernel group, with 10% moisture content), covered with a screened lid, in three replicates, were used to compose the treatments. The infestation levels were: 0, 5, 15, and 50 adults of non sexed S. zeamais per replicate for the periods of 30, 60, 90, 120 and 150 days. The vials were placed randomly in an environmental chamber, at 25±2ºC and 70±5% relative humidity (RH) during 150 days.
The moisture content (MC%) of seeds was determined with samples of 5 g in three replicates, at 105ºC for 24 h. For the germination tests, four replicates of 50 seeds were set on a wet paper roll and placed in a germination chamber at 25ºC, with readings at the fourth and seventh days (BRASIL 1992).
Internal infestation was evaluated based on the standard seed analysis established by BRASIL (1992) , in two replicates of 100 kernels, submerged in water for 24 h, then cut longitudinally to evaluate the presence of insect stages.
The external infestation was evaluated through sieving with 12, 18, 20 and 30 mesh, counting and discarding the insects (INSTITUTO ADOLFO LUTZ 1985) .
For grain grading (insect damaged kernels -IDK, moldy kernels and the type ), 250 g seed samples of each treatment were evaluated, based on Norm 845 -8/11/1976 845 -8/11/ (BRASIL 1976 .
Weight loss was determined by three different techniques: a) PI: Method proposed by HARRIS & LINDBLAD (1978) , based on gravimetric test that counts and weighs damaged and non damaged seeds (two replicates of 100 seeds), and the values applied to the formula: Pnd = weight of non damaged kernels Pfa = final weigh of sample c) PIII -Difference of Weight, where samples of kernels with different infestation levels are sifted to separate seeds, insects and powder. After insect counting, seeds and powder are weighed on a precision scale. Moisture content of seeds was determined as described previously to calculate the weight loss based on matter lost at each evaluation date. The statistical design was completely randomized in a factorial outline (4 x 5) with three replicates, being four infestation levels of S. zeamais (0, 5, 15 and 50) and five storage periods (30, 60, 90, 120 and 150 days) . The data were analyzed separately by variance analysis, and comparatively by the mean analysis of Pearson's correlation. The variables MC%, germination, molds, losses (PI, PII, PIII) and grain type were transformed to arcsin √x/100; the internal and external insect infestation to log x. The means were compared by the Tukey test at 5% of probability.
RESULTS AND DISCUSSION
Considering the physical and physiological parameters, on Table I , it can be noticed that MC% was positively correlated to the number of insects and weight loss by the three determination methods (PI, PII and PIII). According to HOWE (1973) and PUZZI (1986) , the increase in MC% and in IDK may be due to the galleries that expose the endosperm allowing moisture absorption by hygroscopic carbohydrates. While weight loss may result from increasing humidity that causes fungus proliferation and dry matter loss.
On Table II , one can observe that when insect population increases, the MC% of seeds increases, proportionally to the infestation level. After 150 days of storage, the MC% that was initially of 10% went up to 14% (5 insects/vial); 20% (15 insects/ vial) and 24% (50 insects/vial). These data demonstrate the effect of metabolic activity of insects and molds on the content of water of corn seeds, as verified by CHRISTENSEN & KAUFMAN 1969; HOWE 1973; MATIOLI et al. 1979 and LAZZARI 1997. Germination presented high inverse correlation with the number of insects, with internal infestation and with weight loss by the three determination methods (Table I) . MATIOLI et al. (1979) working with the rice weevil S. oryzae in corn, verified that the population size and the storage period are the factors that have the highest influence on seed germination. According to HALL (1971) , insect internal infestation affects the physiological quality of seeds because most insect species feed preferentially on the tender and high proteic embryo.
Concerning the changes on quality grading and to the economic losses, it is observed, on Table I , that the number of insects presented a positive correlation with the calculated weight loss.
Tables III and IV and Figure 3A show that by the end of 150 days of storage, for the level of 5 insects/vial, the final insect population was 629 individuals and the weight loss averaged 43,9; 30,1; and 58,4 g, respectively by PI, PII and PIII methods.
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For 15 insects, the final number was 1215 individuals and the average weight loss was 85,1; 69,6; and 93,0 g. For 50 insects, ending with 1541 individuals, the average loss was 114; 90,1; and 133,0 g, by the three methods. Therefore, the data show that a population of insects three or 10 folds higher does not necessarily correspond to a weight loss of the same order. From 5 to 15 insect infestation, weight loss almost doubled, but with 50 insects (10 times more) the loss was only two and a half folds and not 10 times as one can suppose. That information is of great importance for managing stored grains and to maintain product quality.
Although different values were obtained by the methods adopted to evaluate weight losses, the three of them can be regarded as reliable towards this purpose. However, the method PII by COMPTON et al. (1998) was more consistent and does not superestimate losses as the others do. Thus, it should be adopted besides one of the others to determine weight losses.
Grain grading was correlated to external and internal infestations of kernels, expressing numerically that the higher the insect infestation the greater the changes in commercial standards; it means that insect infestation lowers the grain type. The number of damaged kernels showed a high negative correlation with the percentage of germination and a positive correlation with grain type. Thus, insect infestation reduces significantly the physiological quality of corn seeds and affects the commercial grain grading.
In relation to sanitary quality (Table I) , a positive correlation between the presence of fungi and insects was observed, corroborating with DUNKEL (1988), who confirms this fact, mentioning that such association improve the conditions for development of these organisms. On Table II , it can be observed that mold damage increased with insect infestation, agreeing with LAZZARI (1997) and BETI et al. (1995) , who mentioned that insects can disseminate mold spores on grain mass causing weight loss. CHRISTENSEN & MERONUCK (1989) also affirm that the weight loss in corn can be due to the invasion of molds, being accentuated with the increase of humidity and the storage period.
Insect damaged kernels and mold damaged kernels changed corn commercial grade (type) in 30 days of storage when infested with 15 and 50 insects/450 g of corn. By the 90 th day, the product was classified as down graded, and the sample should be rejected according to the Brazilian standards (BRAZIL 1976) . Consequently, physical losses can result in a substantial economic loss with the rejection of the product (JORDÃO 1974; BOXALL 1986; ABIMILHO 2002) .
Physical, physiological and sanitary quality losses caused by 15 and 50 insects become significantly accentuated after the 90 th day. Internal infestation with 5, 15 and 50 insects in each treatment was significantly different by the 60 th day, while the grain type was already downgraded by the 30 th day with 15 and 50 insects (Tables II, III, IV) . After 120 days from treatment there was no significant difference between the infestation levels with 15 and 50 insects for most parameters (Tables II, III  and IV) . It can be observed that infestation by S. zeamais has a noticeable impact on every grading factor and affects overall , 9 Aab 29, 5 Bc 64, 9 Dd 133, 0 De 1, 29 10, 40 (1) Correlation between the infestation level of Sitophilus zeamais Motschulsky, 1855 quality.
The regression analysis indicated elevation of the humidity under the infestation levels 15 and 50, starting from the 90 th day of storage, with increasing insect number and high incidence of molds ( Figure 1A and 1B) . These results agree with HOWE (1973), who observed a higher MC% in grains infested by insects, and with MATIOLI et al. (1979) who attributes this fact to the extensive exposition of the endosperm to insect attack and favors the development of microorganisms on the kernels.
Internal infestation resulted in a progressive reduction of germination directly proportional to the infestation level and to the storage period (Figures 2A and 2B ). According to HALL (1971) , the tender germ is more susceptible to insect attack. The dry matter loss was directly proportional to the number of insects inside the kernel, what downgraded the samples ( Figures 3A and 3B) . The internal damages affect the physiological quality and, when they become apparent under the form of galleries and holes, they result in the IDK damage that indicates the loss of physical quality. DUPCHAK (1997) and ATUI (1998) observed that the larger the grain infestation the higher was the number of fragments in the final product, and the lower the quality. CONCLUSIONS 1. The quality factors of stored corn are significantly reduced with the increase of S. zeamais infestation. Received 26. XI.2002; accepted 15.VIII.2003 2. The increasing percentage of insect damaged kernels caused by 15 and 50 insects brings down the commercial quality or sample grade of corn in 30 days and the samples are down graded in 90 days.
3. The average dry matter loss of 0,36%/day corresponds to a consumption of 0,0001%/insect/month, after 150 days.
4. The internal insect infestation affects the seed physiological quality reducing germination.
5. The infestation with 15 or more adults of S. zeamais elevates the seed moisture content that favors the proliferation of molds by the 90 th day.
6. The infestation of stored corn by S. zeamais, even in small population, affects every grading factor, and consequently the overall quality of the grain along to the storage period.
